Abstract-This study describes the complete nuclear magnetic resonance (NMR) spectral assignment of a bisecting hybrid-type oligosaccharide 1, transferred by Mucor hiemalis endo-β-N-acetylglucosaminidase (Endo-M). Through 1 H-and 13 C-NMR, DQF-COSY, HSQC, HMBC, TOCSY, and NOESY experiments, we determine the structure of the glycoside linkage formed by the Endo-M transglycosylation, i.e., the connection between GlcNAc and GlcNAc in oligosaccharide 1.
With advances in technology, the sensitivity and resolution of NMR spectroscopy have increased. NMR spectroscopy has now become a useful tool for determining the structure of complicated oligosaccharides. Accurate NMR information about oligosaccharide structures helps to elucidate the biological roles of the oligosaccharides that play crucial functions in cell-cell communications, viral infections, and other molecular recognition events. 1 Mucor hiemalis Endo-M hydrolyzes the glycoside linkage in the N,N'-diacetylchitobiose moiety (GlcNAcβ1→4GlcNAc) of both complex-type and high-mannose-type oligosaccharides of the N-linked sugar chains from glycoproteins. 2 In addition to its hydrolysis activity, the enzyme has transglycosylation activity that transfers complex-type or high-mannose-type oligosaccharides to suitable sugar acceptors. 3 Furthermore, recent research has revealed that Endo-M N175Q mutant has dramatically enhanced the transglycosylation activity with sugar oxazoline donors. 4 The discovery of the mutant has improved the usability of Endo-M in the syntheses of various complex carbohydrates. At present, Endo-M is one of the most promising tools for the reconstruction and remodeling of oligosaccharides from glycoproteins.
Our former study showed for the first time that Endo-M has a transglycosylation activity that enables it to transfer a bisecting hybrid-type oligosaccharide from an ovalbumin glycopeptide to the oligosaccharide acceptor p-nitrophenyl N-acetyl-β-D-glucosaminide, as shown in Scheme 1. 5 As a part of our series of continued research, we report the NMR assignment of the transglycosylated product 1 in this study. To our knowledge, this is the first report on the NMR spectral assignment of a hybrid-type oligosaccharide. We believe that the glycoside linkage formed by the Endo-M transglycosylation, i.e., the connection between GlcNAc and GlcNAc in the oligosaccharides, is β1→4 because the enzyme shows hydrolytic characteristics toward the disaccharide unit of the GlcNAc-GlcNAc unit in the transglycosylated products.
However, there was no clear evidence to show that the Endo-M transglycosylation provides a β1→4 linkage. Therefore, to determine the structure of the glycoside linkage formed by the Endo-M enzyme, the complete NMR spectral assignment for the bisecting hybrid-type oligosaccharide 1, which was the Endo-M transglycosylated product, was conducted through Figure 2 shows a series of TOCSY spectra with the mixing time ranging from 20 ms to 150 ms.
In the TOCSY spectrum with a mixing time of 20 ms, 1-or 2-step TOCSY transfers were observed. In the experiments using longer mixing times, the number of steps of the TOCSY transfer gradually increased. The TOCSY spectrum with a mixing time of 150 ms showed 5-step TOCSY transfers. These observations enabled us to assign all the protons on each of the sugar rings in 1. Table 1 were measured to explore a β-mannopyranosyl linkage. 6 The J C-1, H-1 value of the Ma residue was 156.6 Hz, indicating a β-mannnopyranosyl linkage, while the other Mb-e residues had J C-1, H-1 values of 170.9-172.4 Hz, indicating an α-mannopyranosyl linkage. The 13 C chemical shift data from C1 to C6 on each of the sugar residues in 1 and the J CH values of the five Man residues are given in parentheses in Table 1 . 
